Effect of antitranspirants on growth and production of grain
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COMPENDIO

Se Hlevaron a cabo experimentos de campo en la Universidad Agricola Tamil
Nadu, en Coimbatore, India, duvante las estaciones de verane y de monzdu de 1977,
con serge de prane ('C S H 3°) en condiciones de abasieciniento limitado de agna.
Los reswltados vevelaron qne loc antittanspirautes aunmentaron significativanente el
nimers efective de hojas, el ndice de drea foliay (LAI) a la floracidn, y avanzaron
el niimero de dias hasta ol 30 por dento de la floracidn en 2 a 3 dias Los antifvans-
pivantes también tuvieron nna influencia significativa 1obre ef wimero de panfenlas
eperyidas por fecela, wimers de vaguis poy cabeza, tamaiio de la cabeza, y peso
de wmil granoes. Duiante las iltinas ctapas del crecimiento del cultive, los amtitrans-
piranter tendivvon « induciv las senescencia de las hojay s viejas El rendimiento
en grano agmentd en w12 poi ciento coma promedio en I estacidn del monzdn

produccion de wateria

veca  tambidn  awinentod significativamente en an 8 por
dlento sole of testigo. Loc autilranspiiantes

no twvieron efecte adversos sobre fa

fotasinteris La aplicacion a los 435 dias después del semblrio fae Io mds efivaz

Introduction

NOUGH success has been achieved with anti-
transpirants as an approach to improve the in-
ternal water balance of the plants thereby incre-

asing the dry matter production and grain yield. An-
titranspirants have been reported to increase the total
dry matter production (9, 11) and their effect on net
photosynthetlc rate was not detrimental (14). Fuehr-
ing (3) obtained a mean grain yield increase of 5 to
17 per cent with the application of pheny[ Mercuric
acetate (PMA), atrazine and folicote (a film forming
type), sprayed on grain sorghum at various times of
under iimited moisture supply. Over a five year period
and under limited irrigation, Finkner et al. (2) found
that foliar applied atrazine at 250 g/ha resulted in
increase in yield of grain sorghum from 2.6 per cent
te 113 per cent with an average of 6.2 pgr cent,
Under dryland conditions, the yield increase ranged
up to 25 per cent. The canopy sprays of kaolin resuited
in an additional yield of 446 kg/ha or 11 per cent over
the unsprayed control, averaged over three years (15)
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Hence it appears possible to inceease the yield of dry
sorghum with antitranspirants under limited water sup-
ply. This study was undertaken to investigate the effect
of antitranspirants on grain sorghum

Materials and methods

Field experiments were conducted at Tamil Nado
Agricultural University, Coimbatore, during the summer
and monsoon seasons of 1977 under conditions of li-
mited water supply to study the effect of antitranspi-
rants on grain sorghum 'CSH 5" The soil of the ex-
perimentzl fields was well drained sandy clay loam
with low available N (142 kg/ha), medium available
P (147 kg/ha) end high available K (197 kg/ha)
The eainfall received in the summer season was 253.3
mm in L0 rainy days and during monsoon season it
was 477.9 mm received in 25 rainy days. The average
maximum and minimum temperatures were 34.51°C
and 22.49°C during summer, and 31.93°C and 22 46°C
during monsoon season.

Three factors 17z moisture levels, antitranspirants
and times of application of antitranspirants were stu-
died in split plot design with three replications The
treatment details are given in Table 1.
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Table 1 —Tieatment deiails

{(a) Main plots
(i} Moisture levels - 2
M, - 2 irrigations at vegetative {30-35 days) and flo-
wering (65-70 days) stages in addition to sowing irzi-
iation
(ii} Time of application of antitranspirants - 3
T: - Aplication at 45 days
1. - Application at 60 days
Ty - Application both at -i5 and 60 davs
(b} Sub-plets (Antitranspirants) - -
Ay - Control {Water sprav)
As - Atrazine as Gessaprim! at 250 g ¢p/ha
Aqs- Kaolin® 6 per cent {W/V) suspension
Aq-Power oil? (E-9267) 1 per cent {V/V)
emulsion
Plor size:
Gross = G330 x 135 m Net: 405 x 255 m
Spacing == 45 x 15 cm Fertilization == 90, 45, «i5 kg N, P.O;
and K.O/ha

Srmmer Meonsoon
Dhate of sowing: March 3, 77 July 25, 77
Tate of harvest: Jane 13, 77 Nov. 3, 77
Note: | Gessaprim, a commercinl product, roatains 50 per

cent zi. of atrazine

a

[Caclin was supplied as Nekolin lumps by the Ney.
veli Lignite Corporation, Neyveli

Power oil was supplied by Krishi Oil Corporation,
Bangalorg

s

Plant height was measured at flowering {60 days).
Number of effective leaves was counted at flowering
and on 90th day Leaf atea index at flowering was
computed as per the methed of Stickler ¢ 4l (16)

MI4d x MW4 x 0747 x N
LAT =

5

Where:

TAT == leaf area index

ML4 = Maximum length fourth leaf
MW4 = Maximum width fourth leaf
N = Number of effective leaves
§ = Spacing in ¢m,

Yield atteibutes such as number of panicle per plot,
fength and breadth of the panicle, number of rachii
per earhead and thousand grain weight were measured

at maturity Total dry matter production was deter-
mined by oven drying the above ground portion of
the plant at §0°C and recording the weight, Grain
yicld was recorded at 14 per cent moisture and straw
yield after sun drying the straw

Results and discustion

The treatments failed to register a significant in-
fluence on growth and yield components due to the
continued and unusual rainfall received after flowering
in summer Also, the sainfall received up to 45 days
was meagre Thereafter it was more or less uniformly
distributed during the later stages of ciop growth
Hence the available soil moisture was kept well above
the critical level of 50 per cent and no moisture stress
developed As a result the summer crop behaved just
Jike a bulk crop and the treatments had no effect on
the crop. Hence the discussion is mainly oriented to
the results obtained in the monscon season

Growth Components

The data on the effect of antitranspirants on growth
components are presented in Table 2,

Plant bheight at flowering  High moisture [evel
registered an increase in plant lheight (15615 cm) at
flowering compared to low moisture level (153.37
cm) Moistuze stress in the early stage of growth
might have reduced the plant height by shortening
the internodes as reported by Robins and Domingo
(13) There was no significant difference bebween
different antiatranspirants and also between times of
application.

Number of effective leaves at flowering  High
moisture level registered a higher number of effective
leaves (8.65) than low moisture level {8.29). Anti-
transpirants increased the number of effective leaves,
the increment over control being highly significant
Water stress at an earlier stage might have induced the
drought resistant mechanism of control plants to come
into operation by hastening the leaf senescence (4}.
Antitranspizants reduced the evapotranspiration for about
15 days and increased the ASM™* when applied during
stress period It resulted in better availability of water,
thus alleviating the adverse effects of water deficit
to a certain extent Antitranspirants also increased the
RWC* of leaves and maintained it for abeut 12 to 15
days after application, thereby controlling the internal
water deficit also. Combination of these effects could
have reduced the drought senescence and increased the
number of effective leaves at flowering (8). Antitrans-
pirants were particularly effective when applied at
45 days when stress conditions were beginning to de-
velop

Number of effective leaves at 90 dayr. High mois-
ture level registered a significant reduction in number
of effective leaves (623) when compared to low
moisture level (643) due to better translocation of
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Table 2..~Effect of antitranspirants on growth attributes -

Monsoon 1977,

N of jeaves
ooth day ooth day
Moisture lerels
1. Low 193 37 .39 63 5997 6555
2 High 15615 8.65 G253 61443 04.26
SEp 030 0.03 (044 0019 019
CD it 006 010 0Gi2 0.0
Time of apblications
of antitranspirants
t Oa i5th day 154 58 8.60 6 -ig 6131 65 04
2 On 60th day 154 28 LIRS 6 34 GO0 6558
3 Both en <43th & 60th day 155 50 836 635 6 090 6449
S.Ep 061 0of 006 0.023 022
CcD NS 6.08 NS 0051 0.48
Autiteanipirants
Control 15003 837 G 16 5953 66 32
Atrazine 15533 §71 G436 6218 i 26
Kaefin 155.51 857 G446 5951 G432
Power oil 15015 8 64 G335 G132 63 .26
S.Ep 0.91 0.05 (09 0 04 G2
D NS Gii N5 [ERVEE] G -9

nutrients from the leaves to the earhead, as a conse-
quence of drying of lower leaves

Neither antitranspirants nor the times of applica-
tion of antitranspirants had significant influence at 90
th day. A comparison of this fact with the data on
the number of effective leaves at 60 days is interesting.
At 60 days both antitranspirants and the times of
application showed highly significant differences in
the number of effective leaves. Application of anti-
transpirants at 60 days resulted in lesser number of
cffective leaves on 90th day when compared to appli-
cation at 45th day This indicated that antitrans-
pirants, when applied after boot leaf stage, tended to
induce leaf senescence. It could be stated that antitrans-
pirants have some physiological effect on senescense
and translocation

LAI at flowering High moisture level recorded a
higher LAT (6.143) than low moisture level (5.997),
the increase being highly significant The reduction in
LAl under low moisture level may be atteibuted to the
decreased cell size and interceflular volume cansed by
moisture stress (7)  Antitranspirants increased the

LAI and the increase was highly significant. Antitrans-
pirants reduced the ET# and ASM considerably, thereby
alleviating the soil water deficit to some extent. Also,
they effectively controlled the internal water deficit
through increased RWC and hence the [eaf senescence
did not occur. Application at 45 days was more effec-
tive than application at 60 days since the observation
was made just on the day of application in the latter
case

Days to 50 per cent flowering. High moisture level
advanced the 50 per cent flowering (64.26 days) com-
pared to low moisture level (65.53 days) and this
effect was highly significant. Sufficient leaf area is
required to synthesize enough of the floral stimulus
for floral initiation (12). As discussed eaclier, more
feaf area was available under high moisture level whick
would have provided sufficient floral initiating auxins
for early flowering

Atrazine caused the earliest flowering (64.24 days)
followed by kaolin (64.32 days) and power oil emul-

* ASM = Availably Soil Muisture; BWC =« Relative Water Content;
ET = Evapotranspiration
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sion (63.26 days). This earliness was significant over
control (66.32 days). Antitranspirants reduced the ET,
increased the ASM and RWC. All these mitigated the
soil and plant water deficits. Hence, enough leaf area
was developed to synthesize sufficient floral stimulus
te allow initiation and this could be the reason for
the advancement of 50 per cent flowering Applica-
tion at 45 days advanced the flowering since the appli-
cation coincided with the peak vegetative stage

Yield components

The data on effect of antitranspirantés on  yield
components are presented in Table 3.

Number of panicles per plor. High moisture level
recorded greater number of panicles per plot (164 4)
than low moisture level (159.67) The lost growth
during panicle initiation and development stages might
have resulted in choking of earheads and hence less
viable panicles Antittanspirants increased the number
of panicles per plot significantly. Obviously, antitrans-
pizants provided a favousable environment for growth
and development of the crop through increased ASM,

Tabie 3 —Yield compenents and yield - Monsocon 1977

RWC, number of effective leaves and LAI, which
resulted in increased photosynthesis and production of
panicles  Application at 45 days was more effective
since stress symptoms were beginning to develop at
that time and the crop was at its critical peak vegeta-
tive stage

Length of the panicle  Greater earhead length was re.
corded in high moisture level and antitranspirant treated
plots and it was significantly supetior to low moisture
level. Soil water stress during cardy stages of panicle
development might have resulted in shorter panicles in
low moisture level and control plots (1)

Breadth of the pauicle High moisture level and
antitranspizants increased the breadth significantly The
reduction in breadth of carhead in control plots’ might
be due to water stiess 5 to 15 days prior to ear emer-
gence which reduced the grain set per spikelet be-
cause of reduced assimilation (10). Antitranspirants
reduced this stress effects during the most eritical stage
viz, boot leaf stage, thereby increasing the grain set
per spikelet, which ultimately resulted in higher breadth
of the earhead.

Moisinre levels

1 Low 159 7 17 8o 437 59 2251 12681 3816 8728

2 High 164 - 2915 1953 600 2229 {2770 3847 8720
S Ep a7 024 000 03 026 211 178 05
Cp 16 052 009 NS NS NS§ NS N3

Times of application

of autitranspivants

1 On .isth day 1607 288 443 5% 6 22 45 12842 3921 8857

2 On 60th day 15835 2R 15 4 i3 395 2205 12528 3712 5599

3 Both on -5th
and g0th day 1669 28 80 P8 60 1 2744 1279 14 5720
S Ep 14 0.29 G403 07 G 3l 278 217 118
<D 3l NS N3§ NS NS NS NS NS

swtitranspivants

1 Contral 158.6 27.78 422 381 21 66 2009 3502 8766

2 Atrazine 165 6 29.06 462 60 < 2303 13115 4164 8792

3. Kaolin 163§ 28 61 P52 67 2277 13013 4128 8792

4 Power oil 160 t 2846 4 -3 59 8 21 81 13889 3923 8412
SEp 0% (+ 38 009 06 0.1 i30 274 319
cD 19 078 NS 12 090 500 561 NS
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Nrumber of 1achii per earhead  Antitranspirants had
marked influence on the number of rachii per earhead.
They increased the ASM by reducing the ET. They did
rot affect the root growth and uptake of nutrients
(5) Dry matter production was increased by increas-
ing the RWC and LAL This, consequently, resulted in
the production of higher number of rachii per earhead

Thonsand grain weight.  Antitranspirants had an
appreciable influence on thousand grain weight and
this effect was highly significant The reduced test
weight in control plants could be attributed to the ad-
verse effect of moisture stress during pre-flowering
stage The increased test weight with antiteanspirants
was due to the increased supply of assimilates during
the pre-flowering period because of increased ASM
and greater amount of photosynthates

Total dry marter production (DMP)

Aantitranspirants  sigaificantly increased the diy
matter production On an average the dry matter pro-
duction was increased by about 8 per cent over control
Reduced DMP in control plots could be attributed to
water stress at early stages which affected the photosyn-
thesis directly by affecting various biochemical processes
and indirectly by reducing the intake of CQ, through
stomata (7). The increased dry matter production due
to antitranspirants could also be attributed to the favour-
able soil and plant water status in the treated plots
Sorghum fixes most of the CO, into C compounds such
as malic and aspartic acids (6) and on several occa-
sions fairly high rates of photosynthesis were obtained
when stomata appeared to be closed since stomatal
closure is not a satisfactory explanation for reduced
photosynthesis (6). Hence, no adverse effect of anti-
transpirants on photosynthesis and DMP was observed

Grain yield

Antjtranspirants significantly increased the yield
(Fig. 1). Atrazine (4164 kg/ha) and keolin (4128
kg/ha) were on par with power oil (3923 kg/ha) but
were significantly superior to control (3502 kg/ha}.
The increased yields due to applications of antitrans-
pirants could be attributed to combination of several
factors. As discussed earlier, antitranspirants increased
the ASM during early stages, thereby eliminating the
severe effects of soil moisture stress. They also increased
the RW(, which in turn, controlled the internal water
deficits ‘Treated plants had more LAI Fifty per cent
flowering was advanced which prolonged the reproduc-
tion phase, facilitating greater diversion of photosyn-
thates to the earheads, Also later formed flowers were
affected by heavy rainfall and this resulted in poor
setting of grains in control plots Antitranspirants also
favourably influenced the yield components. They had
increased the number of panicles per plot Also, earhead
size has been increased which probably resulted in in-
creased grain number per earhead. Aljeviation of mois-
ture stress with antitranspirants increased the produc-
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tion of assimilates during pre-flowering period and
resulted in better development of the panicles. During
later stages, antitranspirants accelerated the senescence
of leaves As a result the stored assimilates in the
senescing leaves might have been translocated to the
earheads. The cumulative effect of all these factors
might have resulted in significant increase in grain
yield and the average increase was about 12 per cent
over control,
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Summary

Field experiments were conducted at Tamil Nadu
Agricultural University, Coimbatore, India during the
summer and monsoon seasons of 1977 on grain sorg-
hum (CSH 5) under the conditions of fimited water
supply. The results revealed that antitranspirants signi-
ficantly increased the number of effective leaves, LAl
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at flowering and advanceds the days to fifty per cent
flowering by 2 to 3 days Antitranspirants also had
significant infiuence on number of panicles emerged
per piot, number of rachii per earhead, size of the
earhead and thousand grain weight During later stages
of crop growth, antitranspirants tended to induce the
senescence of older leaves. Grain yield was increased
by 12 per cent on an average in the monsocon seasen
Dy matter production was also increased significantly
by about 8 per cent over control. Antitzanspirants had
no adverse effects on photosynthesis  Application at 45
days after sowing was most effective
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Notas y Comentarios

El polen en ol estudio de los insectos

Las imipenes del microscopio elecirdnico de basredusa si-
guen abriendo fronteras a fa investigacidn cientifica La clari-
dad en los grandes aumentos de los detalles facilita la clasi-
ficacion ¥ comparacién de estructuras microschpicas con una
scruridad no  disponihle antes

Tres cientificos de Winnipeg, Canadd, W. J Turodk, ]
Chong y B Luit, han desarrollade un método inmediato para
identificar cudles cultivos son visitados por unos noctuidos
mediante microgeafizs del microscopio de barredura  Muchas
especies de estos lenidopteros causan dafios severos a las plan.
tas cortdndolns 2l nivel del suelo (Canadian fonurnad of Zoo.
logy, val. 56, p 2050)

Mariposas de Marmestra configurata, crindas en el lzbora-
torio, se pusicron por una noche en jaulas con plantas de nabo

en floracion, y mariposas ferales se colectaron individualmenty
de una pared en un barrio de Winnipeg, adonde habian sido
atraidas por rayos ultraviolet: Después de mirar con un mi-
croscopio a lus proboscis de los insectos para ver si Hevaban
polen, se pegaba ln cabeza del insecto en una plagquita de
aluminio Estas cebezas montadas se cubrieron, en ¢l vacie,
con una apa de oro de 80 nanometros de espesor, v las

muestras se examinuron con wn microscopio electronico de ba-
rredura

La observacidn mostro que una probosis de Fisehia disvers
tenia adheridos pranos de polen de una especie de compuestas
y asi pata todos Jos casos Se dedujo, de esta manera, cudles
plantas habian visitado las potitlas antes de ser capturadas

Este método serd adn mds itil cuando estén disponibles
buenos atlas de granos de polen vistos por el microscopio elec-
tronico de barredura,





